The authors describe the use of temporal lobectomy following careful and repeated electroencephalogram (EEG) evaluation (with implanted electrodes in otherwise unresolvable cases) in the epileptic group characterized by automatisms (psychomotor seizures) with temporal epileptiform activity complicated by EEG loci in the opposite temporal lobe or by extratemporal activity. They found that this can render a significant number of patients (between 25% and 50%) either seizure-free or with significant and useful reduction in their seizure frequency. The cure and improvement rates of cases followed up after temporal resection with or without prior study with implanted electrodes were approximately equal. However, the implanted electrodes permitted surgical treatment of certain cases which would have been rejected on the basis of evidence derived from the scalp recordings alone.
T EMPORAL-LOBE epilepsy is often considered a well-defined entity which is characterized by epileptic automatisms following a visceral or psychical aura with an epileptic focus localized in one temporal lobe on the electroencephalogram (EEG). Since the automatisms provide a serious socioeconomic handicap and often are resistant to medication, 12a~ surgical therapy should be considered. In these otherwise untreatable patients, temporal lobectomy in properly selected cases is followed by a substantial number of instances of cure or improvement with a low rate of complications.
In practice, the matter of surgical selection may not be easy since the "temporal-lobe syndrome" frequently shows wide variation in individual cases and the prognostic significance of these variations remains uncertain. Particularly troublesome is the finding of epileptiform activity on the EEG not only in one but in both temporal lobes and/or * Implant=cases in which implanted electrodes were employed in addition to scalp and nasopharngeal EEG recording prior to operation. Non-implant=cases studied with EEG recording alone. CNS=central nervous system. combinations of temporal epileptiform activity accompanied by similar activity from extratemporal sites. In practice one tends to proceed with resection if a preponderance of activity arises from one temporal lobe and the remaining features of the case provide adequate indication.
In a number of medically untreatable and seriously handicapped individuals, bitemporal and/or temporal-extratemporal EEG evidence appears without a definite preponderance. In these instances we have employed depth electrodes for further study. When a region of maximal activity has appeared from these studies, we have proceeded with the resection.
This report presents the late follow-up results of 34 patients who were selected on the basis of the presence of independent bitemporal and/or extratemporal epileptiform activity and underwent temporal craniotomy. In 17 cases implanted electrodes were required to establish the definite preponderance of epileptiform discharges in one temporal region required for surgical exploration.
Clinical Material and Methods

Patient Selection
Patients were referred for surgical consideration after they had proved refractory to a long trial of medication. All 34 patients suffered socioeconomic difficulties. Of the five patients who were considered to have only a minimal handicap, only three achieved a work level of a skilled or lower white-collar worker. Perhaps contributing to these employment difficulties, various psychiatric symptoms were encountered in 12 patients (six poor emotional control, two destructive or assaultive, three depression, one hypochondriasis), Etiological factors of possible significance are shown in Table 1 .
Medication
In the preoperative period medication was not uniform, but was commonly centered on combinations of Dilantin and phenobarbital in generally accepted dosages. With the exception of two patients (Cases 13 and 109) who respectively received phenobarbital and Mysoline, all other patients received combinations of medication (Table 2 ). Since the patients were operated on between 1956 and 1968, reliable information regarding the blood levels of antiepileptic drugs was not available.
As has been noted by others, medication was successful in suppressing generalized seizures for periods of years in six cases. In only one instance, however, was it possible by medication to suppress the automatism of temporal lobe epilepsy for a period of over a year. * Dosages =phenobarbital 100 mgq-; Mysoline= 750 mgq-; Dilantin= 300 mgq-. Other medication includes dosages of these drugs in various combinations below the given levels with or without other medication.
Preoperative Seizure Evaluation
The patients' workup consisted of neurological examination, along with plain x-ray films of the skull, carotid arteriography, and pneumoencephalography with particular attempts to visualize adequately the temporal horns. The electroencephalographic examination, with the standard 10-20 system 11 including basal leads in all cases, consisted of repeated records during wakefulness and sleep, on medication, after withdrawal of medication, and, in certain instances, of observation of spontaneous or Metrazolinduced seizures. The use of Metrazol has gradually diminished over the last 5 years in our clinic and now it is rarely employed. Particular attention, however, was paid to spontaneous seizures and the cases in which seizures were observed electrographically are indicated by asterisks in the tables.
Depth Electrode Studies
Depth electrodes have been used in our clinic only as a last resort when the medical treatment appeared to be a failure, the socioeconomic situation was most pressing, and routine EEG recording from the scalp showed either prominent bitemporal independent involvement and/or temporal plus extratemporal activity without a definite preponderance of side and/or lobe. In principle, the electrodes were not left in place for long periods (never over 2 weeks).
Concerning possible risks, our general experience in a total of 67 patients with implanted electrodes (141 epidural and 24 subdural multiple-contact surface electrodes, and 84 multiple-contact depth electrodes) has been rather reassuring. No serious infection has been encountered. After nearly 20 years' experience with implanted diagnostic electrodes without hemorrhagic complication, a recent subdural hematoma with residual brain-stem damage forcibly reminds us that the decision to use diagnostic electrodes can never be taken lightly.
Electrodes for Chronic Implantation
The type of electrode sets used is shown in Fig. 1 . A needle-and-flap electrode used in earlier studies, consisting of a 4-cm rigid needle with four recording ports starting at the tip and continuing at l-cm intervals, was an integral part of the seven-contact electrode set. The needle was inserted with a longshafted instrument with a small clamp on the end. The long handle assisted in aligning the electrode. The electrode position was controlled by a small pneumoencephalogram. The flap electrode was slipped into the epidural space with a probe inserted into a pocket (like the toe of a slipper) on the back of the electrode to guide it under the calvarium. Subdural insertions are rarely used (except along the midline or undersurface of the brain, where an epidural position cannot be used) due to the hyperemia and reaction of the cortex to the foreign body, with the consequent possibility of producing a further potentially epileptogenic scar.
Current practice is to insert a nine-contact recording electrode stereotaxically, ~2 then place one or more of the flap electrodes (four contacts at l-cm intervals) in the epidural space. The electrode contacts are platinum-iridium and consist of 7-mil Teflon-insulated wire* wound about a central 9-mil wire with a terminal ring to permit attachment of the electrode to the stereotaxically-guided probe during insertion. The flap is of segmented polyurethane (Lycra), with platinum-iridium contacts. Initial experience with stainless steel electrodes was unsatisfactory, due to the appearance of spurious potentials which appeared after sterilization, and especially with cleaning and reuse of the electrodes.
Electrode Implantation
The selection of a target for implantation was determined largely by the electroencephalographic evidence. Thus, if approximately equal epileptiform activity appeared in both temporal lobes, epiduralflap electrodes were placed on the temporal convexity and a depth-recording electrode directed toward the amygdala on both sides except as mentioned below. Prior to the use of stereotaxic methods, freehand placements showed the expected variations when evaluated by x-ray study after placing air in the tips of the temporal horns. The variations, however, clustered about the amygdala to include this structure, the anterior pes hippocampi, uncus, and temporal tip a few millimeters anterior to the amygdala. The depth of insertion from the temporal surface was adjusted (4.0 to 4.5 cm) so that the terminal electrodes were in or straddled the mesial temporal cortex.
Eleven patients were studied with epidural flap electrodes on the temporal convexity and depth electrodes that were directed toward the amygdala due to the approximately symmetrical bilateral temporal epileptiform activity (Cases 15, 29, 51, 59, 111, 148, 197, 202, 230, 259, 266) . Three were studied with unilateral placement of an electrode in the amygdala and epidural flap electrodes in the frontal and temporal regions on the same side (Cases 13, 32, 253). Two had epidural flaps placed in the temporal and frontal regions on one side (Cases 110, 250), and one (Case 146) had bilateral depth placements in the pes hippocampi and epidural temporal-flap electrodes. 
FI~. 1. Upper:
Nine-contact platinum iridium electrode, Teflon-insulated, with wrapped contacts at 5-mm intervals and the needle-and-flap combined electrode for temporal lobe surface and depth recording. The needle has four contacts at lcm intervals on the shaft and three contacts on the Lycra flap. Center: The flap is reversed to show the pocket at the tip in which a probe can be inserted to facilitate placement. A four-contact flap without the needle side arm is also used. Lower: The leads are held by a small nylon clamp secured about the electrode by a screw on either side and sutured to the scalp by a fine stainless steel suture.
Surgical Technique
In general, surgery was carried out under local anesthesia according to Penfield's technique. 18-18 Electrocorticography (ECoG) 1 was performed routinely. In the initial cases operated by the late M. Baldwin resections were often limited to the areas of ECoG paroxysmal abnormalities.
Pathology
No report was currently available in six cases and no obvious pathology was found in one case. Gliosis was the most common pathological diagnosis in 20 of the remaining 27 cases. This was most commonly manifested by fibrous transformation of the astrocytes in the cortical layers II-IV, which was apparent on the gold chloride sublimate and the phosphotungstic acid stains. Fat stains (oil red O) in some instances showed lipid material. Tlais usually lay in the perivascular spaces but occasionally small flecks of material staining as lipid were seen within the cortical neurons. Occasional samples showed small perivascular accumulations of mononuclear cells similar to the findings reported by Rasmussen and McCann 2~ in their epileptic patients. In our study there was little clinical evidence that this was related to a previous symptomatic encephalitic process. Tissue sampling was limited, in general, to the lateral and inferior aspects of the temporal lobe since the mesial structures (uncus, amygdala, and hippocam- * In the column headings "Seizure type" refers to the predominant type of seizure. "Positive" EEG's indicate the presence of epileptiform activity. "Final seizure reduction" is given as the percent of preoperative seizure frequency. "Remission" indicates lack of attacks with loss of consciousness or motor activity. The temporal resection was quantitated in terms of the cm of resection measured from the anterior tip of the temporal fossa. A "total" resection indicates removal of the first, second, and third temporal gyri, fusiform, and hippocampal gyri, while a "partial" resection spares one or more of these structures. "Medial" indicates the removal (+) or lack of it (--) of the amygdala, uncus, and hippocampus.
fA=Automatism; G= Generalized seizure. ~t Discharges at new localization and lateralization. w Electrode nomenclature from Standard International 10-20 System. ** Seizure (s) recorded. pus) were carefully removed from the mesial pia by suction to avoid possible damage to the oculomotor nerve which lies immediately below. Thus, comment cannot be made regarding hippocampal abnormalities such as "mesial temporal sclerosis." Five cases were classified as hamartomas. These lesions consisted of disruption of the normal cortical architecture, invasion of glial cells, and in some cases calcification. The single instance of a tumor (ependymoastrocytoma) may well have been misdiagnosed and may actually have fallen in the hamartoma group. This particular case has been followed for 8 years without clinical evidence of an expanding process and prior to operation, none had been suspected from the clinical findings or the contrast studies. There was also one case of vascular tumor which consisted of a capillary angioma with considerable glial and fibroblastic infiltration and some calcified accumulations. bilat, thickened skull mental retardation; It hemiparesis * In the column headings "Seizure type" refers to the predominant type of seizure. "Positive" EEG's indicate the presence of epileptiform activity. "Final seizure reduction" is given as the percent of preoperative seizure frequency. "Remission" indicates lack of attacks with loss of consciousness or motor activity. The temporal resection was quantitated in terms of the cm of resection measured from the anterior tip of the temporal fossa. A "total" resection indicates removal of the first, second, and third temporal gyri, fusiform, and hippocampal gyri, while a "partial" resection spares one or more of these structures. "Medial" indicates the removal (+) or lack of it (-) of the amygdala, uncus, and hippocampus. tA=Automatism; G=Generalized seizure. $ Discharges at new localization and lateralization. w Electrode nomenclature from Standard International 10-20 System. ** Seizure (s) recorded. Table 3 summarizes the clinical course of 17 patients operated on on the basis of EEG localization. Of the four patients remaining seizure-free after temporal lobectomy, only one had completely negative EEG's in the postoperative period. Although all four were seizure-free from the time of operation, two were maintained on reduced medication because of the occasional persistent epileptiform activity on the EEG. Five of these patients were seizure-free for 1 to 15 years (average 4+ yrs) following operation before recurrence of some seizures, but only one patient had a seizure disorder comparable to that before operation. Review of the eight cases without seizure remission showed a high incidence of clinical or structural brain abnormality. In one (Case 52), although the patient remained on medication and did not have a prolonged period without seizures, the actual reduction in seizure frequency on final evaluation 6 years following surgery was between 75% and 100%. Two other patients had useful improvement, namely, a reduction of 25% to 50% in their preoperative seizure frequency.
Results
Patients Operated on on the Basis of EEG Localization
Patients Operated on on the Basis of EEG and Implanted Electrode Localization
Each of the 17 cases investigated with epidural and/or depth electrodes (Table 4) presented a complex diagnostic problem, either for the lateralization or the localization of the main epileptogenic process. In three patients (Cases 51,259, 266) the scalp EEG showed many and in two (Cases 197, 230) only rare discharges involving both temporal regions independently but almost equally, with only a questionable quantitative predominance of one side. In one (Case 29) the EEG paroxysmal abnormalities were also seen independently over the two temporal areas: the interictal abnormalities showed a definite quantitative predominance on the left, but in the course of two ictal episodes the right temporal lobe appeared to be primarily involved. In another patient (Case 15) the epileptiform discharges were also independent bilaterally but maximal on the right side. This patient was lefthanded and some (but not all) of his seizures were accompanied by preictal aphasia, yet his left hemisphere appeared to be dominant, according to the results of a sodium amytal intracarotid test. In Cases 146 and 202 overall quantitative evaluation of scalp EEG's indicated that the paroxysmal abnormalities were definitely more numerous over the right temporal lobe, yet high voltage spikes were also observed independently from the left pharyngeal lead, and these leftsided discharges were the main or exclusive evidence of an epileptic disorder in several records.
In a number of other patients, the EEG diagnostic problem was complicated by the coexistence of temporal (unilateral or bilateral) and suprasylvian epileptiform abnormalities (Cases 59, 110, 148, 253) and by the presence of diffuse hemispheral discharges (Cases 13, 32, 250) or the coexistence of bitemporal independent abnormalities (with slight unilateral predominance) and bifrontal synchronous paroxysms (Case 111).
Of these 17 patients, 12 had resection (Table 4) , and four remained completely seizure-free from the time of surgery, The postoperative EEG's continued to show epileptiform activity in some examinations in two cases and became totally negative in the other two cases. In this same group three patients were off medication when last seen, and in one medication had been reduced.
In a further four cases with resection a significant seizure remission occurred. This varied from 2 to 5 years before the seizures recurred. Two patients had a very favorable final result, although they remained on medication. In three of these four cases all postoperative EEG's became negative.
Four additional patients failed to show any seizure remission of significant duration; only one of these reporting between 25% and 50% reduction in the frequency of his automatisms. It may be noted that only two of these four had resection of the medial temporal structures. The importance of this medial removal has been emphasized in a recent study. 23
Five patients were explored without resection due to lack of obvious cortical pathology and of positive ECoG evidence at the time of opening. None of these achieved remission or benefit in a 4-to 15-year (average 10+ years) follow-up.
It is worth noting that automatism was the predominant pattern in this small group of patients, with the occasional addition of generalized seizures. In only one patient (Case 32) were generalized seizures, apparently starting with movements on the right side, the predominant feature. On review of the final seizure reduction, it appeared that those who received no benefit from their temporal resections were more prone to have diffuse or major neurological difficulty or structural brain changes demonstrable on the contrast studies. It should be pointed out, however, that these data are from a very small population and these same features failed to correlate closely with a poor prognosis in the larger total series of temporal lobectomies. ~3
Absence of Evident Spread of the Human Epileptogenic Process
In 10 of the 34 cases there was late (1+ year) recurrence of some degree of clinical ictal activity. All patients but two, Cases 14 and 37, had their recurrence 2 or more years after surgery. All but Case 15 (5-year followup) were followed between 6 and 10 years and four (Cases 19, 37, 105, 133) were followed over 10 years. Between the 5th and 10th years of follow-up only Cases 13 and 105 failed to show epileptiform activity on the EEG. Despite the long follow-up and the persistence of epileptiform activity on the EEG, none of the patients showed a change in the EEG pattern of localization that might suggest a progressively evolving epileptogenic process.
Of the remaining patients, although two later showed a preponderant EEG focus (Case 109 with an 8-year follow-up, and Case 259 with a 4-year follow-up) in the temporal lobe opposite to the side of resection, both had already exhibited epileptiform activity in this region prior to surgery. Only one patient (Case 17) showed the appearance of new areas of discharge in the 6 years of follow-up study. During this period there was progressive mental and neurological deterioration, suggesting a chronic degenerative process, although the tissue from the original pathological specimen had only shown nonspecific gliosis.
This material was considered of theoretical importance, since there seemed nothing to confirm the popular notion that in man discrete epileptic foci may spread to the opposite hemisphere ("mirror foci") or to adjacent normal cortex by continued epileptic bombardment originating in the primary focus.
Discussion
A number of follow-up studies of the surgical treatment of temporal-lobe seizures have been published and have been summarized elsewhere. 2s The reported results are variable, with some authors claiming over 50% cure rate, while others report between 25% and 50% total successes. It should be pointed out, however, that most of t[~ese series include cases which have been followed for as little as 6 to 12 months, and this period of postoperative follow-up can hardly be considered acceptable for a reliable assessment of operative results. The inadequacy of such a follow-up is clearly emphasized by our findings of late seizure recurrence in some patients in the present study and in the overall series of temporal lobectomies reported in the recent publication mentioned above. 2s This seizure recurrence has been reported by only one other investigator on a study of 566 patients, 19 although it is certainly doubtful that this is a unique feature of our particular treatment protocol.
The treatment series reported elsewhere have tended to give the impression that temporal lobe epilepsy is a monolithic entity (for instance, patients with psychomotor seizures and a unilateral temporal EEG focus). However, to those who on a regular basis review patients who have been referred as possible surgical candidates, the "clear-cut" cases of this type are certainly in the minority. Usually one is confronted with individuals who are considered to be unresponsive to medical therapy, in desperate socioeconomic straits, and who present a complicated clinical, radiographic, and EEG picture. In order for the surgeon to form a reasonable prognosis for any particular case from the reports in the literature, he needs to know what, if any, complicating factors were permitted in the series so that this information may be related to the findings in his case.
All too frequently, one is provided with little guidance in this respect. An important exception is the study by Bloom, et al. 2 The authors studied the results of temporal removal in patients with independent bitemporal epileptiform activity. Nineteen of 29 patients had EEG abnormality predominantly found in one temporal lobe, and of these 19, six were considered to have a successful postoperative course. In 10 of * In the column headings "Seizure type" refers to the predominant type of seizure. "Positive" EEG's indicate the presence of epileptiform activity. "Final seizure reduction" is given as the percent of preoperative seizure frequency. "Remission" indicates lack of attacks with loss of consciousness or motor activity. The temporal resection was quantitated in terms of the cm of resection measured from the anterior tip of the temporal fossa. A "total" resection indicates removal of the first, second, and third temporal gyri, fusiform, and hippocampal gyri, while a "partial" resection spares one or more of these structures. "Medial" indicates the removal (+) or lack of it (-) of the amygdala, uncus, and hippocampus. t A = Automatism; G = Generalized seizure. w Electrode nomenclature from Standard International 10-20 System. ** Seizures recorded. tt Judgment as to location of maximal activity was made on basis of implanted electrodes since the preponderant localization seen on the scalp recording was not conclusive.
5+ + Follow-up refused; telephone contact.
Resection for temporal-lobe seizures mild mental retardation; It cranium flattened moderate mental retardation * In the column headings "Seizure type" refers to the predominant type of seizure. "Positive" EEG's indicate the presence of epileptitorm activity. "Final seizure reduction" is given as the percent of preoperative seizure frequency. "Remission" indicates lack of attacks with loss of consciousness or motor activity. The temporal resection was quantitated in terms of the cm of resection measured from the anterior tip of the temporal fossa. A "total" resection indicates removal of the first, second, and third temporal gyri, fusiform, and hippocampal gyri, while a "partial" resection spares one or more of these structures. "Medial" indicates the removal (+) or lack of it (--) of the amygdala, uncus, and hippocampus. t A = Automatism; G = Generalized seizure. w Electrode nomenclature from Standard International 10-20 System. ** Seizures recorded. tt Judgment as to location of maximal activity was made on basis of implanted electrodes since the preponderant localization seen on the scalp recording was not conclusive.
:~:~ Follow-up refused; telephone contact.
Bloom's series of 29 patients, EEG evaluation showed essentially symmetrical bitemporal epileptiform activity, and the side of excision was decided on clinical and/or x-ray grounds. Of this group only one patient had a successful result. This supports Falconer's opinion 3-e that bitemporal cases with unilateral preponderance of epileptiform activity present as favorable surgical candidates, and these individuals have been accepted in the Montreal series as well as our own. Although the numbers in the present group are small, the results indicate that about a third of the patients with a complicated EEG picture (provided it retains unilateral preponderance) can expect total seizure relief from complete resection of the lateral and medial structures of the maximally involved temporal lobe. This is reassuring in dealing with this complicated and often confusing group. Curiously, this is about the same cure rate as that of the entire series of 143 patients? 3 If one assumes that there were no gross misinterpretations of the EEG and clinical findings, this observation would lead to two somewhat different yet not necessarily conflicting conclusions: 1) it might suggest that many of the apparently simple and "typical" cases are actually more complex than their EEG features would lead one to believe; and 2) it might raise some question as to the practical usefulness of an over-detailed EEG localization work-up and/or as to the localizing significance of the scalp electrical recordings. In spite of the latter possibility, an accurate localization of the epileptogenic process should remain an important aspect in the study of seizure disorders.
Despite earlier reports of propagation of epileptic activity and formation of so-called "mirror foci, ' ' 7,8,1a-15,z4,25 our observations do not contribute any data to confirm the existence of such a condition in the clinical situation. Hughes and SchlagenhaufP ~ and Gupta, et aL,9 have reported that the average duration of seizures of patients with bitemporal foci was longer than those with unitemporal foci and inferred from this observation that most of the cases might have started as unitemporal foci, which then "spread" to become bitemporal. Special review of our materiaF 8 failed to demonstrate any significant difference in either seizure duration or age or seizure onset between patients with bitemporal and unitemporal foci.
It is hoped that the application of more refined or different techniques and continued study may provide the knowledge needed to improve the lot of the patient with intractable seizures.
